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A bst r a ct.  T h e I RI S N et w or k of E x c ell e n c e ( N o E) st art e d its w or k i n J a n u ar y 
2 0 0 9.  I n  t his  p a p er  w e  hi g hli g ht  s o m e  n e w  r e s e ar c h  dir e cti o ns  d e v el o pi n g  
wit hi n t h e n et w or k: o n e is r e visiti n g n a rr ati v e f or m alis ati o n t hr o u g h t h e us e of 
Li n e ar L o gi c a n d t h e ot h er is c h all e n gi n g t h e c o n v e nti o n al fr a m e w or k of b asi n g 
I nt er a cti v e  St or yt elli n g  o n  c o m p ut er  gra p hi cs  t o  e x pl or e  t h e  c o nt e nt- b as e d  
r e c o m bi n ati o n of vi d e o s e q u e n c es. 
K e y w o r ds:  N arr ati v e  F or m alis ms,  Pl a n ni n g,  Li n e ar  L o gi c,  Vi d e o  
S u m m ari z ati o n,  Hi d d e n  M ar k o v  M o d els,  I n t er a cti v e  St or yt elli n g,  I nt er a cti v e  
N arr ati v e. 
1   I nt e r a cti v e St o r yt elli n g: W h e r e A r e W e G oi n g ? 
T h e  I RI S  (I nt e gr ati n g  R es e ar c h  i n  I nt er a cti v e  St or yt elli n g)  N et w or k  of  E x c ell e n c e  
( N o E) st art e d its w or k i n J a n u ar y 2 0 0 9, as a n e w E C-f u n d e d i niti ati v e ( u n d er F P 7’s 
I nt elli g e nt C o nt e nt a n d S e m a nti cs). It bri n gs t o g et h er 1 0 p art n ers m o st of w hi c h h a v e 
b e e n  pr o mi n e nt  a ct ors  of  t h e  I nt er a cti v e  St or yt elli n g  c o m m u nit y  si n c e  t his  
C o nf er e n c e s eri es st art e d i n 2 0 0 1. T h e n e w str u ct ur e f or N o Es i n F P 7 m a k es t h e m 
m or e f o c u ss e d, b ut als o s m all er i n si z e: as s u c h, t h e y c a n n o l o n g e r ai m at str u ct uri n g 
a n e ntir e c o m m u nit y, a n d t h eir r el ati o n s hi p t o t h e c o m m u nit y as a w h ol e h as t o b e 
r e visit e d. I RI S’ r es e ar c h ers c o v er m o st of tr a diti o n al ar e as of I nt er a cti v e St or yt elli n g 
(I S). T h e y als o a p pr o a c h I S fr o m diff er e nt t h e or eti c al p ers p e cti v es, a n d d e b at es wit hi n 
t h e  c o ns orti u m  c a n  r efl e ct,  a nd  p er h a ps  pr o gr ess,  t h os e  t a ki n g  pl a c e  wit hi n  t h e  I S  
c o m m u nit y at l ar g e. Fi n all y, I RI S c a n als o b e a l a b or at or y f or n e w i d e as n ot si m pl y i n 
pr o gr essi n g t o pi cs o n w hi c h t h er e is c o n s e ns u s i n t h e c o m m u nit y, b ut i n i d e ntif yi n g 
r a di c all y  diff er e nt  dir e cti o ns,  a n d  q u estio ni n g  a c c e pt e d  wis d o m.  I RI S’  p art n ers  ar e  
c o ntri b uti n g t o a br o a d r a n g e of t o pi cs as c a n b e s e e n b y t h e I RI S p a p ers pr es e nt e d at 
t his  c o nf er e n c e  [ 1]  [ 2]  [ 3]  [ 4]  [ 5]  [ 6]  [ 7]  [ 8].  T his  p a p er  hi g hli g hts  s o m e  c urr e nt  
a cti viti es of t h e N o E, wit h a n e m p h asis o n s o m e of its m o st ori gi n al as p e cts. 
                                                          
1  S e e t h e A c k n o wl e d g e m e nts  s e cti o n f or t h e list of N o E m e m b ers. 
2   N o n- St a n d a r d N a r r ati v e F o r m alis ms: t h e Li n e a r L o gi c of 
M a d a m e B o v a r y 
O n e of t h e m aj or iss u es of I S is t h e d e v el o p m e nt of f or m alis ms s u p p orti n g n arr ati v es’ 
d es cri pti o ns.  I d e all y  t h es e  f or m alis ms  s h o ul d  als o  b e  c o m p ut ati o n al  or  s u p p ort  a  
tr a nsl ati o n  t o  tr a diti o n al  c o m p ut ati o n al  f or m alis ms.  L o gi c al  d es cri pti o ns  h a v e  n ot  
b e e n a p o p ul ar f or m alis m si n c e t h e e arl y w or k of [ 9] w h o h a v e r es ort e d t o l o gi c al 
d es cri pti o n  a n d  l o gi c  pr o gr a m mi n g.  T h er e  is  h o w e v er  a  c as e  f or  e x pl ori n g  n o n-
st a n d ar d  l o gi cs,  i n  p arti c ul ar  w h e n  t h e y  e m b e d  c o n c e pts  of  hi g h  r el e v a n c e  t o  
st or yt elli n g, s u c h as c a u s alit y. Li n e ar L o gi c is pr e cis el y o n e s u c h f or m alis m. Li n e ar 
l o gi c  h as  b e e n  i ntr o d u c e d  b y  J.- Y.  Gir ar d  [ 1 0]  as  a  r estri cti o n  of  cl assi c al  l o gi c.  
U nli k e cl assi c al l o gi c, li n e ar l o gi c is n ot us e d t o d et er mi n e w h et h er a n ass erti o n is 
tr u e  or  n ot  b ut  r at h er  t h e  v ali dit y  of  h ow  f or m ul as  ar e  us e d  ( a n d  t h e n  c o ns u m e d)  
w h e n pr o vi n g a n ass erti o n. It h as, als o, b e e n i ntr o d u c e d as a l o gi c of r es o ur c es [ 1 1]. 
Fi n all y, li n e ar l o gi c is w ell s uit e d t o d eri v e a c o m p ut ati o n al m o d el t o p arti all y or d er e d 
pr o bl e ms wit h r es o ur c e s h ari n g. 
Gr ei m as  [ 1 2]  [ 1 3]  w as  t h e  first  t o  d e v el o p  n arr ati v e  f or m alis ms  as  a n  a bstr a ct  
f or m ul a t o r e pr es e nt a n a cti o n. H e pr o p os e d t o d efi n e a n a cti o n as a tr a n siti o n fr o m 
o n e st at e t o a n ot h er st at e w h er e t h e s u bj e ct  g ai n s or l o s es a n o bj e ct ( c o nj u n cti v e or 
disj u n cti v e n arr ati v e pr o gr a m). Gr ei m as pr o p os e d t o a n al ys e a st or y as a s e q u e n c e of 
a cti o ns,  a n d  w e  h a v e  pr o p os e d  t o  us e  li n e ar  l o gi c  as  a  c o m p ut ati o n al  m o d el  t o  
“ c o m p ut e ”  t h e  st or y  a n d  t o  p erf or m  a n  a n al ysis  o n  t h e  p ossi bl e  st ori es.  T h e  
u n d erl yi n g  m o d el  will  st a n d  i n  t hr e e  p oi nts :  t h e  st at es  of  c h ar a ct er  a n d  of  t h e  
n arr ati v e, t h e st or y a cti o n s, a n d t h e st or y its elf. O ur e x a m pl e n arr ati v e is dr a w n fr o m 
M a d a m e B o v ar y, w hi c h is als o st u di e d b y ot h er a cti viti es i n I RI S. W e will als o b as e 
p art of o ur m o d el o n t h e c h ar a ct ers’ f e eli n g s, f oll o wi n g [ 1 4].  
W e  will  f o c us  o n  t w o  c h ar a ct ers  fr o m  t h e  n o v el  ( E m m a  a n d  R o d ol p h e)  a n d  
c o nsi d er  t h at  E m m a's  st at e  is  gi v e n  b y  t w o  s u b-st at es:  o n e  f or  h er  g e n er al  m o o d  
( d e pr ess e d ( Ed ), h a p p y ( Eh ), i n l o v e ( Ea )) a n d o n e f or h er f e eli n gs t o w ar ds R o d ol p h e 
( E m m a n ot a c k n o wl e d gi n g h er l o v e f or R o d ol p h e ( Er R), E m m a s e d u c e d b y R o d ol p h e 
( Es R), E m m a i n l o v e wit h R o d ol p h e ( Ea R )). A s f or R o d ol p h e, h e m a y w a nt t o s e d u c e E m m a ( R v ), b e i n l o v e wit h h er ( Ra ), or s e e his f e eli n g s f or h er w a ni n g ( Rw ). A st at e is 
m o d ell e d b y a n at o m of li n e ar l o gi c.  
W e als o m o d el t h e n o v el’s pl ot as a s et of st at es: c o n v ers ati o n w hil e E m m a a n d 
R o d ol p h e att e n d t h e c o mi c es a gri c ol es  ( a gri c ult ur al s h o w) ( Dc ); i n t h e c o u n cil r o o m 
( Ds);  d el a y  ( T);  at  t h e  B o v ar y’s  h o m e  ( Db );  h or s e b a c k  ri di n g  ( P);  c o n v ers ati o n  at  R o d ol p h e’s h o m e ( D r). Si x a cti o ns h a v e b e e n c o nsi d er e d t hr o u g h t h e st or y: g oi n g t o 
t h e a gri c ult ur al s h o w ( A1 ); list e ni n g t o t h e s p e e c h i n t h e c o u n cil r o o m ( A 2 ); w aiti n g 
b ef or e m e eti n g a g ai n ( A 3 ); R o d ol p h e visits E m m a ( A4 ); h ors e b a c k ri di n g ( A5 ); E m m a visits  R o d ol p h e  ( A 6 ).  E a c h  a cti o n  is  m o d ell e d  b y  a  f or m ul a  of  li n e ar  l o gi c  wit h  a  
li n e ar  i m pli c ati o n.  T h e  at o ms  o n  t h e  l eft  si d e  of  t h e  li n e ar  i m pli c ati o n  c o n n e ct or  
c orr es p o n d t o t h e st at es r e q uir e d t o p erf or m t h e a cti o n.  T h e o n es o n t h e ri g ht si d e ar e 
t h e  o n es  d eri v e d  b y  t h e  a cti o n.  F or  i nsta n c e  t h e  a cti o n  “list e ni n g  dis c o urs e  at  t h e  
c o u n cil r o o m ” r e q uir es t h e n arr ati v e t o h a v e t h e st at e D s a v ail a bl e as w ell as R o d ol p h e 
st at e R v  a n d Eh  a n d Es R f or E m m a, a n d will pr o d u c e t h e f oll o wi n g st at es: R o d ol p h e i n l o v e wit h E m m a ( Ra ) a n d E m m a h a p p y ( Eh ) a n d s e d u c e d b y R o d ol p h e ( Es R). 
 
Fi g 1.  R e pr es e nt ati o n of A cti o ns i n Li n e ar L o gi c.  
 
T h e st or y c a n t h us b e m o d ell e d b y t h e f oll o wi n g s e q u e nt: 
 
  
I n w hi c h t h e f or m ul as m o d elli n g a cti o ns h a v e b e e n r e pl a c e d b y t h eir n a m e A x .  
Pr o vi n g t h e s e q u e nt c o n sists i n r e writi n g t h e s e q u e nt b y m a ki n g q s u b stit uti o n of 
t h e f or m ul as i n or d er t o h a v e a n i niti al s e q u e nt. T h e pr o of tr e e of t h e st or y is gi v e n b y 
Fi g  2  ( b ott o m- u p  r e a di n g).  T h e  li n e ar  i m p li c ati o n  c orr es p o n d s  t o  a n  a cti o n  of  t h e  
st or y, a n d t his pr o of gi v e a m a n n er t o or d er t h e a cti o ns of t h e st or y.  
 
 
 
Fi g 2.  Pr o of of t h e S e q u e nt C orr es p o n di n g t o a n E x c er pt of M a d a m e B o v ar y.  
 
 
T h e d eri v e d pr o of tr e e is v er y li n e ar, w hi c h c orr es p o n ds t o t h e d ef a ult c o urs e of 
a cti o n  i n  M a d a m e  B o v ar y.  H o w e v er  it  c a n  als o  pr o vi d e  alt er n ati v e  st ori es  (i n  t his  
s p e cifi c c as e t h e a cti o ns t h at c a n b e s u p pr ess e d). 
3   I nt e r a cti v e St o r yt elli n g wit h Vi d e o ? 
O n e of t h e b asi c d o g m as of c o nt e m p or ar y I S  r es e ar c h h as b e e n t h at t h e g e n er ati v e 
n at ur e  of  I S  r e q uir e d  si mil arl y  g e n er ati v e  vis u al  c o nt e nt,  w hi c h  c o ul d  o nl y  b e  
a c hi e v e d t hr o u g h t h e us e of c o m p ut er gr a p hi cs. T h e us e of vi d e o w as p er c ei v e d as 
i n c o m p ati bl e wit h t h e m o st r e c e nt AI- b as e d n arr ati v e t e c h niq u es a n d o nl y c o m p ati bl e 
wit h v ari o us f or ms of br a n c hi n g t e c h ni q u es w h os e dr a w b a c k w as a n e x pl osi o n of pr e-
r e c or d e d c o nt e nt.  
 
Fi g 3.  Aft er t h e r e m o v al of c ut- e d g es , e a c h c o n n e ct e d s u b- gr a p h of t h e S T G  
r e pr es e nts a L o gi c al St or y U nit ( L S U). 
3. 1 M o d elli n g f e at u r e fil ms s c e n es usi n g H M M 
Y e u n g et Y e o [ 1 5] s h o w n t h at i n a S c e n e Tr a n siti o n Gr a p h ( S T G), aft er t h e r e m o v al 
of c ut- e d g es, e a c h c o n n e ct e d s u b gr a p h w e ll r e pr es e nts a L o gi c al St or y U nit ( L S U), 
i. e., “ a s e q u e n c e of c o nti g u o us a n d i nt er co n n e ct e d s h ots s h ari n g a c o m m o n s e m a nti c 
t hr e a d ”,  w hi c h  is  t h e  b est  c o m p ut a bl e  a p pr o xi m ati o n  t o  s e m a nti c  s c e n e  [ 1 6].  I n  
p arti c ul ar s u b- gr a p h n o d es ar e cl ust ers of vis u all y si mil ar a n d t e m p or all y cl os e s h ots, 
w hil e e d g es b et w e e n n o d es gi v e t h e t e m p or al fl o w i n si d e t h e L S U, as s h o w n i n Fi g 3. 
St arti n g fr o m t h e S T G r e pr es e nt ati o n, e a c h L S U c a n b e e q ui v al e ntl y m o d ell e d b y a 
Hi d d e n M ar k o v M o d el ( H M M). T his is a dis cr et e st at e-s p a c e st o c h asti c m o d el w hi c h 
w or ks q uit e w ell f or t e m p or all y c orr el at e d d at a str e a ms, a n d w h er e t h e o bs er v ati o ns 
ar e  a  pr o b a bilisti c  f u n cti o n  of  a  hi d d e n  st at e  [ 1 6].  S u c h  a  m o d elli n g  c h oi c e  is  
s u p p ort e d  b y  t h e  f oll o wi n g  c o nsi d er ati o ns  (s e e  [ 1 7]):  i)  Vi d e o  str u ct ur e  c a n  b e  
d es cri b e d as a dis cr et e st at e-s p a c e, w h er e e a c h st at e is a c o n v e y e d e v e nt ( e. g., “ m a n A 
t al ki n g ”) a n d e a c h st at e-tr a n siti o n is gi v e n b y a c h a n g e of e v e nt; ii) T h e o bs er v ati o ns 
of e v e nts ar e st o c h asti c si n c e vi d e o s e g m e nts s el d o m h a v e i d e nti c al r a w f e at ur es e v e n 
if t h e y r e pr es e nt t h e s a m e e v e nt ( e. g., m or e s h ots s h o wi n g t h e s a m e “ m a n A t al ki n g ” 
fr o m  sli g htl y  diff er e nt  a n gl es);  iii)  T h e  s e q u e n c e  of  e v e nts  is  hi g hl y  c orr el at e d  i n  
ti m e,  es p e ci all y  f or  s cri pt e d- c o nt e nt  vi d eos  ( m o vi es,  et c.)  d u e  t o  t h e  pr es e n c e  of  
e diti n g  eff e cts  a n d  t y pi c al  s h ot  p att er n s  i n si d e  s c e n es  t o  m o d el  hi g h er  l e v el  of  
a bstr a cti o n c o n c e pts  (i. e., di al o g u es, pr o gr essi v e s c e n es, et c.). 
F or t h e p ur p os e pr o p os e d h er e, as H M M st at es r e pr es e nti n g e v e nts c orr es p o n d t o 
disti n ct cl u st ers of vis u all y si mil ar s h ots; o n t h e c o ntr ar y st at e tr a n siti o n pr o b a bilit y 
distri b uti o n c a pt ur e t h e s h ot p att er n str u ct ur e of t h e L S U.  
T h e  ori gi n al  s h ots  fr o m  w hi c h  t h e  H M M  c a n  b e  i nf err e d  c o nstit ut e  a  p o ssi bl e  
o bs er v ati o n s et t h at h as b e e n pr o d u c e d b y s u c h st o c h asti c m o d el. 
3. 2 Usi n g f e at u r e fil ms’ s c e n es H M M m o d els f o r i nt e r a cti v e “ m o vi et elli n g ” 
E a c h L S U c a n b e att a c h e d a s p e cifi c s e m a n ti cs, w hi c h is c o n v e y e d/ n arr at e d t hr o u g h 
t h e  u n d erl yi n g  s e q u e n c e  of  s h ots.  It  c a n  b e  h y p ot h esi z e d  t h at  a  m a p pi n g  c a n  b e  
est a blis h e d  b et w e e n  t h e  s e m a nti c  m ess a g e  a n d  t h e  i n n er  st at es  of  t h e  L S U  
r e pr es e nt ati v e H M M. 
Fr o m  e a c h  L S U,  it  c a n  t h e n  b e  f or es e e n  t h at  i n n o v ati v e  c o m bi n ati o ns  a n d  
s e q u e n c es of pr e vi o usl y r e c or d e d s h ots c a n b e c o nstr u ct e d t o c o n v e y v ari ati o ns of t h e 
ori gi n al s e m a nti c m ess a g e, t h u s p a vi n g t h e w a y f or i nt er a cti v e m o vi et elli n g.  
H M M ar e u s e d t o i n st a nti at e p o ssi bl e alt er n ati v e v ari ati o n s, b y pr o d u ci n g a li k el y 
c h ai n  of  o bs er v ati o ns  fr o m  alr e a d y  e x isti n g  r e c or d e d  m at eri al.  T his  m a y  b e  
c o nsi d er e d a m biti o u s b ut t h e i d e a h as alr e a d y b e e n pr o p os e d i n t h e c o nt e xt of s ki m 
g e n er ati o n  f or  f e at ur e  fil ms  wit h o ut  si g nifi c a ntl y  r e d u ci n g  t h e  i nf or m ati v e n ess  a n d  
e nj o y a bilit y of t h e e nt ert ai n m e nt, as d es cri b e d i n [ 1 8]. 
 
 
 
Fi g. 4 . L S Us  of Fi g 3 ar e e q ui v al e ntl y m o d ell e d b y H M Ms. 
4   C o n cl usi o ns 
I RI S’  r es e ar c h  pr o gr a m m e  ai ms  at  b al a n ci n g  pr o gr ess  o n  w ell-r e c o g nis e d  k e y  I S  
pr o bl e ms (s u c h as a ut h ori n g) a n d t h e a bilit y  t o e x pl or e n e w a v e n u es, s u c h as vi d e o-
b as e d I S. T h e n e w dir e cti o ns w e h a v e pr es e nt e d ar e m or e c o n n e ct e d t o tr a diti o n al I S 
pr o bl e ms t h at it m a y s e e m, a n d i n t h eir o w n w a y t h e y l e a d t o r e visiti n g t h e n oti o n s of 
n arr ati v e a cti o n, c a u s alit y, or t h e n oti o n of s c e n e a n d t e m p or al u nit. 
T o pr o gr ess, t h e N o E als o n e e ds t o e n visi o n v ari o us l e v els of i nt e gr ati o n. I n t h e 
l o n g er t er m, w e s h o ul d r e visit k e y pr o bl e ms fr o m a n i nt e gr at e d p ers p e cti v e, s u c h as 
t h e d efi niti o n of n arr ati v e a cti o ns i n- b et w e e n n arr ati v e f or m alis ms ( “ c o nt e nt ”) a n d AI 
f or m alis ms ( “f or m ”).  
 
A c k n o wl e d g e m e nts. T h e  I RI S  N et w or k  of  E x c ell e n c e  is  f u n d e d  b y  t h e  E ur o p e a n  
C o m missi o n ( F P 7-I C T- 2 3 1 8 2 4). I RI S m e m b ers i n cl u d e Fr e d C h arl es, J uli e P ort e o u s 
( S c h o ol  of  C o m p uti n g,  U ni v ersit y  of  T e essi d e,  U K);  St é p h a n e  D o ni ki a n,  M ar c  
C hristi e, Ni c ol as P é pi n (I RI S A/I N RI A, F R); Ulri k e S pi erli n g, St e v e H off m a n n ( F H 
Erf urt,  U ni v ersit y  of  A p pli e d  S ci e n c es,  D E);  Ni c ol as  S zil as,  M o ni c a  A x elr a d,  Urs  
Ri c hl e  ( T E C F A,  U ni v ersit y  of  G e n e v a,  C H );  P et er  V or d er er,  C hristi a n  R ot h,  I v ar  
V er m e ul e n,  C hrist o p h  Kli m mt  ( C A M e R A,  V U  U ni v ersit y  A mst er d a m,  N L);  
Elis a b et h  A n dr é,  Ni k ol a us  B e e,  Bir git  E n dr ass,  K atj a  K ur d y u k o v a,  K ari n  
L ei c ht e n st er n  (I n stit ut e  of  C o m p ut er  S ci e n c e,  U ni v ersit y  of  A u g s b ur g,  D E);  R o n a n  
C h a m p a g n at   ( U ni v ersit y  of  L a  R o c h ell e,  F R);  P a ol o  P ett a,  St ef a n  R a n k  ( A ustri a n  
R es e ar c h I n stit ut e f or Artifi ci al I nt elli g e n c e , A T); P atri c k Oli vi er, G u y S c h ofi el d a n d 
D a n  J a c k s o n  ( C ult ur e  L a b,  N e w c astl e  U ni v ersit y,  U K),  Ri c c ar d o  L e o n ar di  
( U ni v ersit y of Br es ci a, I T). 
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